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[There are no amendments to this patent.] 

(57) Abstract: 
Subject: 

To obtain a glass plate for display with a high strain point that is hard to break in the 
display manufacturing process. 
Solution: 

Glass plate for display having a strain point of 550°C or higher, mean coefficient of linear 
expansion at 50 ~ 350"C of 65 X 10'^ ~ 100 X 10'^ /"C, and the ratio (Kic/d) of fracture 
toughness (Kic) and density (d) of 280 Pa.kg.m''^ or higher. 



CLAIMS 

1 Glass plate for display having a strain point of 550°C or higher, mean coefficient of linear 
expansion at 50 ~ 350"'C of 65 X 10"' ~ 100 X 10"' /»C, and the ratio (Kic/d) of fracture 
toughness (Kic) and density (d) of 280 Pa.kg.m''^ or higher. 

2 The glass plate for display according to Claim 1 comprising, substantially in the % by 
weight, 

Si02 45 ~ 70, 

AI2O3 2 ~ 20, 

B2O3 0-6, 
MgO 1 ~ 10, 

CaO 1 ~ 10, 

SrO 0-9, 
BaO 0-9, 
MgO + CaO + SrO + BaO 10-25, 
ZnO 0 - 5, 

Na20 + K20 5- 15 

Li20 0-2, 
Zr02 0-10. 

DETAILED EXPLANATION OF THE INVENTION 
[0001] 

TECHNICAL AREA OF THE INVENTION 

The present invention pertains to a glass plate for display particularly suitable for a plate 
for a flat panel display such as plasma display panel (PDP), field emission display (FED) or the 
like. 
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[0002] 

PRIOR ART 

In recent years, attention has turned to flat display panels, particularly, PDP, which is a 
type of thin plate type gas discharge display panel; and developmental effort has been 
energetically made for such display panels. On a PDP, the cells are partitioned by the front glass 
plate, the rear glass plate and the barrier plate; and by generating plasma discharge in the cells, 
the fluorescent layer in the inner wall of the cells emits light and forms images. 

[0003] 

For the front glass plate and rear glass plate of a PDP, to minimize deformation of glass 
plates in the heat treatment step in the PDP manufacturing process, a high strain point glass 
having a strain point higher than that of soda lime silica glass was used in the prior art. 

[0004] 

ISSUES TO BE RESOLVED BY THE INVENTION 

However, the high strain point glass plate in the prior art had a problem that it tends to be 
more easily broken in the manufacturing process compared to soda lime silica glass plate. The 
object of the present invention is to provide a glass plate for display that resolves this problem. 

[0005] 

MEANS TO RESOLVE THE ISSUE 

The present invention provides a glass plate for display having a strain point of 550°C or 
higher, mean coefficient of linear expansion at 50 ~ 350°C of 65 X 10'"^ 100 X 10'^ /°C, and the 
ratio (Kic/d) of fracture toughness (Kic) and density (d) of 280 Pa.kg.m^^^ or higher. 

[0006] 

The inventors of the present invention analyzed in detail the plates broken in the PDP 
manufacturing process. As a result, they have found impact marks considered to have been 
formed when the ends received impact in the handling in the upstream step of the PDP 
manufacturing process on most of the broken plates. They have found out that this impact mark 
would be the starting point for fracture, and the plate is broken because of heat stress or the like 
in the PDP manufacturing process. Therefore, if we use a plate on which such an impact mark is 
less likely to be generated, it is considered the problem of having plates broken in the PDP 
manufacturing process will be resolved. 
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[0007] 

The inventors studied the relationship between the probability of the aforementioned 
impact marks being formed and the properties of the glass plate. As a result, they have found out 
that the probability of having impact marks formed depends on the ratio (Kic/d) between the 
fracture toughness (Kic) of the glass and the density (d). That is, the aforementioned probability 
decreases as (Kic /d) increases. 

[0008] 

The reason is considered to be as follows: (Kic) is a quantity expressing the resistance 
force of glass against fracture, and indicates the magnitude of resistance force against the same 
impact force. On the other hand, the impact force given to the plate when the plate is handled is 
expressed by the impulse; that is, the change of momentum. As the change of momentum is 
provided by Mass X Velocity, the impulse provided to the plate to which a certain change of 
velocity has been generated is determined by the mass. For instance, the impact force given to 
the same size of plate dropped from the same height will be larger as the specific gravity of the 
plate increases. The inventors reached the present invention based on the findings above. 

[0009] 

EMBODIMENTS OF THE INVENTION 

The strain point of the glass plate for display according to the present invention (hereafter 
simply referred to as the glass plate of the present invention) is 550T or higher. If it is lower 
than 550**C, deformation in the heat treatment step will be large. Preferably, it is 560°C or 
higher. 

[0010] 

The mean coefficient of linear expansion of the glass plate of the present invention at 50 
350T is 65 X 10"^ 100 X 10"^ PC, If it is less than 65 X 10'"^ /"C or over 100 X 10'^ /T, 
adjustment of coefficient of expansion will be difficult with the material (for instance, glass frit) 
that has been used from the past for the manufacture of display. Preferably, it is 75 X 10"^ - 95 
X 10"^ /°C, and more preferably, it is 80 X 10'^ 90 X 10'^ /°C. Hereafter, the mean coefficient 
of linear expansion at 50 - 350°C will be simply referred to as the coefficient of expansion. 

[0011] 

On the glass plate of the present invention, the ratio (Kic/d) of the fracture toughness 
(Kic) and the density (d) is 280 Pa.kg.m^''^ or higher. If it is lower than 280 Pa.kg.m^^^ the glass 
plate will tend to break easily. Preferably, it is 290 Pa.kg.m^^^ or higher. The glass plate of the 
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present invention is preferably manufactured in the float method, which allows manufacture of 
large quantity of high quality plate glass. 



[0012] 

The glass plate of the present invention preferably comprises, substantially in the % by 

weight, 

Si02 45 ~ 70, 

AI2O3 2-^20, 

B2O3 0^-6, 

MgO 1 10, 

CaO 1 ^ 10, 

SrO 0-^9, 

BaO 0 9, 
MgO + CaO + SrO + BaO 10 25, 

ZnO 0-5, 

Na20 + K20 5^15 

Li20 0^2, 

Zr02 O'-IO. 



[0013] 

The reason for the determination of the aforementioned composition will be explained 
below, simply indicating the % by weight as %. Si02 is the network former thus is essential. If 
its content is less than 45 %, heat resistance or chemical durability will deteriorate. Preferably, it 
is 51 % or higher. If it is over 70%, Kic/d will be too small. Preferably, it is 60 % or lower, and 
more preferably, 55 % or lower. 



[0014] 

AI2O3 is a component to increase the strain point, thus is essential. If its content is less 
than 2 %, the strain point will be too low. Preferably, it is 6 % or higher, and more preferably, 
10 % or higher. If it is over 20 %, the viscosity of the molten glass will be too high, resulting in 
difficulty in molding, particularly float molding. Preferably, it is 16 % or less. 



[0015] 

While B2O3 is not essential, it may be contained by up to 6 % to increase Kic/d, and to 
lower the viscosity of the molten glass when the glass is melted. If its content is over 6 %, there 
is a risk that the strain point may become too low. More preferably, it is 5 % or less. When 
B2O3 is contained, it is preferable to contain it by 1 % or more. It is more preferable to contain it 
by 2 % or more. 
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[0016] 

MgO is a component to increase Kic /d and to lower the viscosity of molten glass when 
the glass is melted, thus is essential. If its content is less than 1 %, Kjc /d will be too low, and 
the viscosity of molten glass at melting will be too high. Preferably, it is 2 % or higher, and 
more preferably, it is 3 % or higher. If it is over 10 %, devitrification is likely to occur. 
Preferably, it is 5% or less, and more preferably, it is 4 % or less. 

[0017] 

CaO is a component to lower the viscosity of molten glass when the glass is melted, thus 
is essential. If its content is less than 1 %, the viscosity of molten glass at melting will be too 
high. Preferably, it is 5 % or higher. If it is over 10 %, devitrification is likely to occur. 
Preferably, it is 9 % or less. 

[0018] 

While SrO is not essential, it may be contained by up to 9 % to lower the viscosity of 
molten glass when the glass is melted. If its content is over 9 %, Kic/d may be too low. 
Preferably, it is 6.5 % or less, and more preferably, it is 4 % or less. 

[0019] 

While BaO is not essential, it may be contained by up to 9 % to lower the viscosity of 
molten glass when the glass is melted. If its content is over 9 %, Kic/d may be too low. 
Preferably, it is 2.5 % or less, and more preferably, it is 2 % or less. Unless there is a problem in 
the viscosity of molten glass when the glass is melted, it is preferable not to contain BaO. 

[0020] 

If the total content of MgO, CaO, SrO and BaO is less than 10 %, the viscosity of molten 
glass at melting will be too high. Preferably, it is 12 % or higher. If it is over 25 %, Kic /d will 
be too low. Preferably, it is 17 % or less, and more preferably, it is 15 % or less. 

[0021] 

While ZnO Is not essential, it may be contained by up to 5 % to lower the viscosity of 
molten glass when the glass is melted. If its content is over 5 %, it may be reduced when float is 
molded, and may cause flaws in the product. 



3-3978 



7 



[0022] 

Both Na20 and K2O are components to lower the viscosity of molten glass when the 
glass is melted. At least either one must be contained. If the total content of NaaO and K2O is 
less than 5 %, the viscosity of molten glass at melting will be too high. Preferably, it is 7 % or 
higher, and more preferably, 9 %or higher. If it is over 1 5 %, Na ions and/or K ions would 
migrate to the electrode formed on the glass plate, and the electrode characteristics will 
deteriorate. Preferably, it is 13 % or less. 

[0023] 

While Li20 is not essential, it may be contained by up to 2 % to lower the viscosity of 
molten glass when the glass is melted. If its content is over 2 %, the strain point may be too low. 

[0024] 

While Zr02 is not essential, it may be contained by up to 10 % to increase the strain point 
and to increase Kic/d. If its content is over 10 %, the density will be too high, and Kic/d will be 
too low. Preferably it is 5 % or less, and more preferably, it is 3 % or less. 

[0025] 

A glass plate in a preferable mode of the present invention substantially comprises the 
aforementioned components. However, within a range that does not interfere with the object of 
the present invention, other components may be contained by up to 5 % in their contents. For 
instance, to improve the melting, clearness and molding characteristics of glass, SO2, F, AS2O3, 
Sb203, or the like may be present up to 1 % in their contents. Further, to prevent browning of 
electron beams in PDP, or for other purposes, TiOa and Ce02 may be present up to 2 %, up to 2 
% in respective contents. Further, to color the glass, Fe203, NiO, CoO, or the like may be 
present up to 1 % in contents. 

[0026] 

The glass plate of the present invention, for instance, is manufactured as follows: 
Commonly used materials are mixed to realize the target composition, and this is heated in a 
melting furnace to 1500 - 1600T and is melted. The glass is homogenized by bubbling, 
addition of clearing agent, agitation or the like, and is molded into a predetermined thickness of 
plate by a well-known float method. After gradually cooling it, it is cut into glass plates. The 
glass plate of the present invention is suitable for a plate for flat panel displays such as PDP, 
FED and the like. 
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[0027] 

APPLICATION EXAMPLES 

The material of each component was mixed so as to realize the composition indicated in 
% by weight in the columns from SiOa to Zr02. This mixed material was continuously put in a 
melting fumace to melt, and molded into a plate by the float method, and 2.8 mm thick float 
glass was obtained. By cutting this float glass, a glass plate of 65 cm X 100 cm was obtained. 

[0028] 

With regard to the glass plates of Examples 1 ~ 4, the strain point (unit: "C), coefficient 
of expansion (unit: 10'"' /°C), fracture toughness (Kic) (unit: MPa.m"^), and density (d) were 
measured by the methods described below. Kic /d (unit: PA.kg.m^'^) was computed from Kic 
and d. The results are indicated in the table. 

[0029] 

Strain point: Measured according to the method provided in JIS R3 103. 

Coefficient of expansion: Using a differential thermal expansion meter, the mean coefficient of 

linear expansion for 50 ~ 350°C was measured. 

Fracture toughness: Measured by the chevron notch method described, for instance, in Int. J. 
Fracture, 16, 137 (1980). 

Density: For a glass of approximately 30 g with no foam, measured by the Archimedes method. 
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[0030] 



Table 1 



Example 


1 


2 


3 


4 


SiOz 


51.4 


57.2 


57.6 


71.2 


AI2O3 


15.0 


3.0 


7.0 


1.8 


B2O3 


4.4 


0 


0 


0 


MgO 


3.6 


1.5 


2.0 


4.0 


CaO 


8.0 


8.5 . 


5.0 


9.0 


SrO 


2.3 


6.0 


7.0 


0 


BaO 


0 


2.0 


8.0 


0 


MgO+CaO+SrO+BaO 


13.9 


18,0 


22.0 


13.0 


NazO 


4.7 


4.8 


4.1 


13.0 


K2O 


7.8 


8.0 


6.3 


1 0 

1 .V/ 


Na20+K20 


12.5 


12.8 


10.4 


14 0 


Zr02 


2.8 


9.0 


3.0 


0 


Strain point 


580 


609 


570 


511 


Coefficient of 

expansion 


83 


84 


83 


85 


Fracture toughness 
Kic 


0.78 


0.74 


0.65 


0.75 


Density d 


2.59 


2.785 


2.77 


2.50 


K,c/d 


300 


265 


230 


300 



[0031] 

Example 1 is an application example; while Examples 2 - 4 are comparative examples. 
Example 4 is the well-known soda lime silica glass. 100 glass plates each of Examples 1 ~ 4 had 
the planes off the comers, and ITO (tin-doped indium oxide) thin film was formed on the glass 
plate using a sputter film forming device. The highest temperature in this sputter film forming 
process is SOO^'C. None of the glass plates in Examples 1 or 4 were broken while the ITO thin 
film was formed on the glass plate. 

[0032] 

Seven glass plates in Example 2 and 10 glass plates in Example 3 were broken, all fi-om 
the edge parts of the glass plate. As a result of examining the fi-actured face of the broken glass 
plates, based on the mirror radius impressed on the fractured face, the fi^acture stress was 150 
kgfi^cm or less for all of them. Thus, it was found out that they were broken at a stress that is 
much lower than the strength of a usual glass plate having the plane off the comers. Based on 
this, it is considered that a significant scratch was generated on the edge part of the glass plate in 
a step after the chamfering step, which was the starting point for the fi-acture. Kic /d of Example 
2 and 3 are both less than 280 Pa.kg.m^^^, thus impact marks were likely to be made. It is 
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considered that this impact mark became a scratch as the starting point of fracture, resulting in 
the fracture of the glass plate. The strain point of the glass plate of Example 4 is low. This glass 
plate may be deformed in the manufacturing process of a display, when the glass frit coated on 
the glass plate is baked at, for instance, 500°C. 



[0033] 

EFFECT OF THE INVENTION 

By using the glass plate of the present invention, the problem of fracture of glass plate in 
the manufacturing process of a display will decrease; and further, the risk of the glass plate 
having thermal deformation will be eliminated; thereby the display manufacturing efficiency will 
improve. 
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*L<J42%ULh, iO^^KWBJifelhT**^. 1 ^LTtJ:V\ PDPfcfcftl.m-flir^'?-^ 

0%i@T{i^L^t<^S. »4L<J15%OT> i mih^<0^>:tt(:T i 0^*3 it^C e02^-?-n-Pn2% 

*)»*L<{i4%JMTT-*S. tX\ •^«t'2%tt'^WL-Ct,J:V\ 

[ 0 0 1 7 ] C a OiimxmmmmfyXff)^^ m^thfz»>^Z? ezOs.NiO^CoO. ^5:^J|-C 

mT^^hmx'h^mvhh. \%mxMfm i%*-e**tTiJ:v^. 

5%tLhT-*>S. 10%iS-C'«ife^U-^-r<=3rl.. if* fctTi8ji$itS. S^ffi^t^rS J: ^ tii^ffiffl$tl 

K«9%OT'CfcS. hmm-^L. wilS-JSWiiFtl'X'l 50 0-1 600 

[ 0 0 1 8 ] S r Otiit^Tii^V^*^ ;y5X^|g^<0 •CKMftLtlSfai'f S . /nVU V^^^Wt^SWiOaSllD^ 

>§BJ!^7X<7)fi!iSS:ffiT§*&/ci6JC9%*-C%^t-C nti:K\zX->X^yX<r)mmti:^^^. ®»i07n-h 

t,J:V\ 9%S-C-J4Kic/d*«/hS<^:Sfc-eit*<* ffitJ: OmS<^«J?tB«Bt. ^^^^^ffifcTOL 

h. »*L<{16. 5%JaT. J:')»*L<J44%UIT T;!f9XSSS'f|&. z^WmU'^XWmi. PDP. 

. FED, m<ny y >y h^-^^^Urf -f ;^7'U-f OSStffjS 

[00 19] BaOJi^^-cmt^**, 

f§m'^xm&mT^itt'kibiZ9%tT'^tlX [0027] 
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;y5;^S:#;t. ;<7)7n-h;>!r5>cS:«BfLT6 5 cm 
X 1 0 0 c m<7):^yxmi^m::. 

[00 28] mi-4ff)>!f^xmnz':>\,'>x. mA (* 

ic MPa • ml/2) ^ ggjgd g/c 

mTiz^^hifmizi:')9iMt. Kicaxr/d 



[0029]Mj^i: J I S R3 1 0 3fcffl«§^tTl^ 

?>mizx*)m^uz. 

m^mi. : TTimjmi^im^^x 5 0-3 5 o-ctc*j{t 

«««Jtt: ^t;t{f I nt. J. Fracture. 1 
6. 137 (1980) (CifiKS^lTV^SvxrDyy 

ses:ja<o^v^$«>3 0g<o;<r7;^Ko>,^T. r/pdf^f 

[00301 
[^1] 



M 

pi 


1 


2 


3 


4 


SIO. 


51. 4 


57.2 


57.6 


71.2 


AlA 


15.0 


3.0 


7.0 


1.8 


¥? 


4.4 


0 


0 


0 


HcO 


3.6 


1.5 


2.0 


4.0 


CaO 


8.0 


8.5 


5.0 


9.0 


SrO 


2.3 


6.0 


7.0 


0 


B«0 


0 


2.0 


8.0 


0 


MsOiCaOfStOfBaO 


13.9 


18.0 


22.0 


13.0 




4.7 


4.8 


4. 1 


13.0 


V 


7.8 


8.0 


6.3 


1.0 




12.5 


12.8 


10.4 


14.0 


ZrO, 


2.8 


9.0 


3.0 


0 




560 


609 


570 


511 




83 


84 


83 


85 




0.78 


0. 74 


0.6S 


0.75 




2. S9 


2.785 


2. 77 


Z.S0 




300 


265 


230 


300 



[oo3i]0«i«iufiR m2-4iimmx'h&. 

mi--'A<r>^ti^ti\ oo^(r>^7xmmz':)\,^X^m 

imw'ouLL. xfiy^^mmm^^xiTo (x 
m^it:. z(oxj^'y^msa:mizi5»mis^mn 

3 0 0'Cf*S, mi. 40;<r5;^S«toV^T(iltfc 

i,mi>zb^j:< iTomm/fyxmisLkmgiT^ 

:^fxmiz^^^xiiio^t/(. v^mt;y5xs«^ 

wmmtzm^ivfii'^-imfD^t^ii^f,. \>yr 
iii^mmm 1 5 o r g f /c m^OTx-ft 0 . 



wisL*)tai.mTmxi!f3xm.msuz:k^ tc^xm. 

t, ^tii}mmj^}its:'yXWxfi^<Dt^tt:>tlh, 
m2. 3cOKic/d(iV^-fnt2 80Pa • kg • m 

'"^mxhhfzif)m^m^L'^t<-^j:'>x^ 
zmmmim^mxbtoxifyxmttfi 

\.\ zmyxmui. f'txru^m&i.mizti^^x 

/f'?xm^zmlt:ifyXyV 'yh^. fcfcitfSO 

o'cx-mtmiz^mthn-fridfiht, 

[0033] 

immfik] ^mff)/f^xmmm^^hztizii 
•3 . T -f xru^ mkxm^mhff'^xmmwi& 
mm^m-t. tti^^xmt/^^^i-haitLm 
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F:J^-A(##) 4G062 AA18 BBOl DA05 DA06 DB03 
DB04 DGOl D002 D003 DDOl 
DEOl DE02 DE03 DFOl EAOl 
EA02 EA03 EBOl EB02 EB03 
EB04 EGOl E002 EG03 ECX)4 
ED03 EE03 EFOl EF02 EF03 
EGOl EG02 EG03 FAOl FAIO 
FBOl FCOl FC02 FC03 FDOl 
FEOl FFOl FGOl FHOl FJOl 
FKOl FLOl GAOl GAIO GBOl 
GCOl GDOl GEOl HHOl HH03 
HH05 HH07 HK09 HHll HH13 
HH15 HH17 HH20 JJOl JJ03 
JJ05 JJ07 JJIO KKOl KK03 
KK05 KK07 KKIO MM27 NN30 
NN33 

5C040 GA09 KA04 KA07 KB03 KBll 
KB19 KB28 KB29 MAIO MA23 
HA26 



